Background: We previously reported on a cross-sectional study of students from the Michael G. DeGroote School of Medicine at McMaster University that found most respondents wanted more opportunities to participate in research. Students provided additional comments that we synthesized to enrich the findings of our quantitative analysis.
Introduction
Medical students often witness curious clinical results, which may prompt some to pursue research to formally explore their experiences. This opportunity to advance knowledge within the greater healthcare system is compelling. Exposure to research experiences during training may improve analytical reasoning, communication skills, and application of emerging knowledge to patient care. 1 While many areas of medical curricula advance, research education and participation remains less formalized and variable across programs. 2 In prior studies, medical students have endorsed both the motivation and positive experiences with the formation of their research abilities during their training and highlighted competing demands on their time and limited opportunities as barriers. 3, 4 We previously surveyed all students enrolled in the Michael G. DeGroote School of Medicine, across three distributed campuses, at McMaster University. The aim of the original study was to examine student research interest and participation as well as selfrated research ability among medical students. Most (445 of 498; 89%) respondents had had prior research experiences. While some (159 of 498; 32%) were currently participating in research, most (383 of 498; 86%) wanted more opportunities. In our adjusted logistic regression model, higher rating of supervisors' research understanding was associated with higher student interest in research (OR=2.1; 95%CI: 1.3-3.4). Also, in our adjusted linear model prior student research work (e.g., thesis) was associated with higher self-rated research abilities. Our survey included an option to provide written comments. We reviewed and synthesized these comments to supplement our previously reported quantitative findings for the purpose of describing the challenges medical students face in participating in research training, as well as their suggestions for how such programs may be improved.
Methods
The methods for survey development, administration, and quantitative analyses have been reported previously. 5 In brief, stakeholder consultations and literature informed the development of a 13-item questionnaire that was administered online in 2014, with two follow-up reminders, across three campuses in Hamilton, Niagara, and Kitchener-Waterloo, Ontario, Canada. The current analysis was restricted to written comments provided in four survey questions (see Appendix A). We tested for responder bias by looking for differences in the distributions between responders and non-responders by year in the program and campus using Pearson's Chi-Square test (χ2).
For our thematic analysis, four reviewers developed a preliminary coding system to categorize themes and sub-themes after a discussion around a sample of 10 surveys, using a previously established approach. 6 Three teams of reviewers then applied this system, independently and in duplicate, to written comments in other surveys until coding became stable, as evidenced by no new codes and disagreement among reviewers being minimal. Teams of reviewers then applied the final coding strategy to all written comments, with each team coding 120 surveys. Each respondent that provided written comments could contribute to more than one theme or sub-theme; however, each theme or sub-theme was only coded once in a single survey to address the issue of clustering.
Results
There was an overall response rate of 81% to our survey (498 of 618 students), and 360 respondents provided written comment questions to at least one of the four optional questions, for a total of 967 written comments. There was no difference in the distribution of responders and non-responders to written questions by campus (χ2 = 4.22; p=0.121) or by year in the program (χ2 = 2.25; p=0.522) (see Appendix B). Our coding revealed 4 distinct themes and 28 sub-themes (see Appendix A):
Theme I. Active student participation and mentorship opportunities are needed (n=265) Students felt that they needed to actively seek out opportunities to participate in research through talking to faculty or staff, searching the Internet, or joining interest groups. However, they also felt that some researchers were unwilling to take on students with limited research experience. Some students felt the best strategy was to join existing studies and research teams, while others felt it might be easier to e93 initiate their own project. Others were unsure how to approach the search for opportunities and felt that availability of protected time and training in research methodology would be helpful.
Theme II. Type of research involvement (n=230)
A number of students (77 of 230; 33%) reported no engagement in research at all. Competing demands may limit participation in research. While not specifically asked, a few students (28 of 230; 12%) additionally reported on the types of research methods used in their projects. Half of the students (14 of 28) identified completing either case reports or systematic reviews while the remaining described involvement in observational studies, randomized control trials, quality improvement, or qualitative research.
Theme III. Uncertainty whether research training translates into useable skills (n=267)
Many 2 nd and 3 rd year students reported exposure to lectures on clinical epidemiology in large group sessions (65 of 267; 24%), and opportunities to apply this learning by critically appraising research studies in small-group sessions (90 of 267; 34%). Students also recognized the structure in place with respect to education on the use of the library, evidence-based medicine, epidemiology, and scholarship competencies. Although, the perceived practicality of this education and available time to focus on research was unclear to some students; moreover, some questioned whether they would be able to incorporate these skills into clinical practice.
Theme IV. Desire for a formalized research curriculum and centralization of opportunities (n=205)
Respondents acknowledged that not all medical students were interested in research training, but a number (71 of 205; 35%) felt that increased formalization of research training in their curriculum would be helpful. Specific strategies advanced included formalized testing, keeping a record of previous research activities, and a mandatory formal research project. Others thought that significant curriculum changes, such as offering a summer break or an academic credit for research completed, might improve engagement in research activities by students. Additionally, there was practical direction by some students (49 of 205; 24%) to raise awareness, for example, through the creation of an online portal to facilitate linking interested students with faculty researchers. Lastly, there was also endorsement for an online repository of materials relevant to research training.
Discussion
Written comments by McMaster medical students highlighted challenges associated with securing research-training opportunities, particularly if they lacked research skills. As a result, some interested students had been unsuccessful in linking up with a research mentor. There is a need to address barriers to medical students identifying research mentors, as successful mentorship is associated with personal development, research productivity, as well as publication and grant success. [7] [8] [9] Other students questioned whether the skills they were acquiring regarding research methodology and critical appraisal of the literature would be practical to apply in clinical practice, which aligns with previous literature suggesting that students perceive a separation between evidence-based medicine and the realities of clinical practice. 4 Some students suggested greater formalization of research training, which differs from a previous review that suggested curriculum formalization is no different than electives from the perspective of student satisfaction.
1 Other reviews support greater formalization of research education into medical curricula. Specifically, using research education as a basis for evidence-based medicine, increasing opportunities for students to participate in research, and formalized incorporation of research methodology education into curriculum were found to increase medical students' participation in research. [10] [11] [12] A sub-theme in our sample that warrants further research is the concept of offering academic credit for research.
We found that students support an online repository to centralize research opportunities. There is increasing inclusion of Internet and telephone technologies in distributed medical education, such as large real-time video-conference displays and classroom interactions between distributed campuses. 13, 14 An increased and applied use of technologies may be important with respect to e94 student engagement around research education and opportunities and recent changes to the Michael G. DeGroote school of medicine curriculum include new online materials summarizing research opportunities for students. Other recent strategies to encourage student research are involvement of students in research-related committees (e.g., training development, journal interest group) and formal review of student research projects. 5 Further research is needed to evaluate strategies aimed at reducing barriers to student's participation in research.
Strengths and limitations
Strengths of our study include coding all written comments independently and in duplicate with one active medical student included in each pair to maintain relevancy with the current program. Our study also has limitations. We coded all unique themes and sub-themes from each survey, which means that some respondents contributed more content to our analysis than others. Approximately 40% of respondents did not provide written comments, and a higher number of 1st year students answered the survey relative to later years, which suggests our findings may be affected by selection bias. For example, 1st year students may be less familiar with the research curriculum and opportunities. Lastly, the generalizability of our findings to other medical programs, particularly without distributed campuses and four-year programs, is uncertain.
Conclusion
Themes that emerged from this study provide areas of opportunity for medical programs to engage with students, ideally through technologies and mentorship, to improve their research education and opportunities. Programs should stress to interested students the need to be actively looking for research opportunities and consider students' desire for more formalized large and small-group educational sessions. 
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